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FOOD QUALITY AND SAFETY MONITORING 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to monitor 
ing food quality and safety standards and, more particularly, 
to a system and methods for determining food quality and 
safety indices for monitoring stored food products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a schematic vieW of a food product 
refrigeration system according to the principles of the 
present invention; 

[0003] FIG. 2 is a schematic vieW of a refrigeration case 
of the food product refrigeration system having food product 
and a food product simulator therein; 

[0004] FIG. 3 is a ?oWchart outlining a method for 
calculating a food safety index; 

[0005] FIG. 4 is a ?oWchart outlining a method for 
calculating a food quality index; and 

[0006] FIG. 5 is a schematic vieW of a food characteristic 
management system according to the principles of the 
present invention. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a method for evalu 
ating food characteristic management performance of a food 
manager such as a chain of food product retailers, a food 
product retailer Within a chain of food product retailers, a 
food product department Within a food product retailer, a 
food product storage case Within a department of a food 
product retailer, or the like. The method comprises the steps 
of: collecting ?rst product data from a ?rst food manager, 
determining a ?rst food characteristic index as a function of 
said ?rst product data for said ?rst food manager, collecting 
second product data from a second food manager, determin 
ing a second food characteristic index as a function of said 
second product data for said second food manager, and 
comparing said ?rst food characteristic index and said 
second food characteristic index. 

[0008] The present invention further provides a method 
for determining a food characteristic index for a plurality of 
product types contained Within a plurality of refrigeration 
cases. The method includes the steps of: measuring a ?rst 
parameter of each of the plurality of product types Within the 
plurality of refrigeration cases, determining a second param 
eter for each of the plurality of refrigeration cases as a 
function of the ?rst parameter, determining a third parameter 
for each of the plurality of refrigeration cases, determining 
a ?rst parameter threshold value for each of the plurality of 
product types, calculating a ?rst factor for each of the 
plurality of refrigeration cases as a function of the second 
parameter, the third parameter and the ?rst parameter thresh 
old value, calculating an average value of the ?rst factors of 
the plurality of refrigeration cases, determining a maximum 
value of the ?rst factors of the plurality of refrigeration cases 
and calculating the food characteristic index as a function of 
the maximum value and the average value of the ?rst factors. 

[0009] In a ?rst exemplary embodiment, the food charac 
teristic index is a food safety index for evaluating the 
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potential health threat refrigerated foods may pose to con 
sumers. In a second exemplary embodiment, the food prod 
uct index is a food quality index for evaluating the aesthetic 
quality of food products for maximiZing the shelf life of food 
products. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0010] The folloWing description of the preferred embodi 
ments concerning a method for determining food safety and 
food quality indices is merely exemplary in nature and is not 
intended to limit the invention, its application or uses. 
Moreover, While the present invention is discussed in detail 
beloW, With respect to speci?c types of hardWare, the present 
invention may be employed With other types of hardWare 
Which are operable to be con?gured to provide substantially 
the same results as discussed herein. 

[0011] Referring to FIGS. 1 and 2, a detailed block 
diagram of an exemplary refrigeration system 10 is shoWn. 
The refrigeration system 10 includes a plurality of compres 
sors 12 piped together With a common suction manifold 14 
and a discharge header 16 all positioned Within a compressor 
rack 18. The compressor rack 18 compresses refrigerant 
vapor that is delivered to a condenser 20 Where the refrig 
erant vapor is lique?ed at high pressure. This high-pressure 
liquid refrigerant is delivered to a plurality of refrigeration 
cases 22 by Way of piping 24. Each refrigeration case 22 is 
arranged in separate circuits 26 consisting of a plurality of 
refrigeration cases 22 that operate Within a certain tempera 
ture range. FIG. 1 illustrates four (4) circuits 26 labeled 
circuit A, circuit B, circuit C and circuit D. Each circuit 26 
is shoWn consisting of four (4) refrigeration cases 22. 
HoWever, those skilled in the art Will recogniZe that any 
number of circuits 26, as Well as any number of refrigeration 
cases 22 may be employed Within a circuit 26. As indicated, 
each circuit 26 Will generally operate Within a certain 
temperature range. For example, circuit A may be for froZen 
food, circuit B may be for dairy, circuit C may be for meat, 
etc. 

[0012] Since the temperature requirement is different for 
each circuit 26, each circuit 26 includes a pressure regulator 
28 Which acts to control the evaporator pressure and, hence, 
the temperature of the refrigerated space in the refrigeration 
cases 22. The pressure regulators 28 can be electronically or 
mechanically controlled. Each refrigeration case 22 also 
includes its oWn evaporator and its oWn expansion valve that 
may be either a mechanical or an electronic valve for 
controlling the superheat of the refrigerant. In this regard, 
refrigerant is delivered by piping to the evaporator in each 
refrigeration case 22. The refrigerant passes through an 
expansion valve Where a pressure drop causes the high 
pressure liquid refrigerant to become a loWer pressure 
combination of liquid and vapor. As the hot air from the 
refrigeration case 22 moves across the evaporator coil, the 
loW pressure liquid turns into gas. This loW pressure gas is 
delivered to the pressure regulator 28 associated With that 
particular circuit 26. At the pressure regulator 28, the 
pressure is dropped as the gas returns to the compressor rack 
18. At the compressor rack 18, the loW pressure gas is again 
compressed to a high pressure gas, Which is delivered to the 
condenser 20, Which creates a high pressure liquid to supply 
to the expansion valve and start the refrigeration cycle over. 

[0013] A main refrigeration controller 30 is used and 
con?gured or programmed to control the operation of the 
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refrigeration system 10. The refrigeration controller 30 is 
preferably an Einstein Area Controller offered by CPC, Inc. 
of Atlanta, Ga., or any other type of programmable control 
ler Which may be programmed, as discussed herein. The 
refrigeration controller 30 controls the bank of compressors 
12 in the compressor rack 18, via an input/output module 32. 
The input/output module 32 has relay sWitches to turn the 
compressors 12 on an off to provide the desired suction 
pressure. A separate case controller, such as a CC-lOO case 
controller, also offered by CPC, Inc. of Atlanta, Ga. may be 
used to control the superheat of the refrigerant to each 
refrigeration case 22, via an electronic expansion valve in 
each refrigeration case 22 by Way of a communication 
netWork or bus 34. Alternatively, a mechanical expansion 
valve may be used in place of the separate case controller. 
Should separate case controllers be utiliZed, the main refrig 
eration controller 30 may be used to con?gure each separate 
case controller, also via the communication bus 34. The 
communication bus 34 may either be a RS-485 communi 
cation bus or a LonWorks Echelon bus that enables the main 
refrigeration controller 30 and the separate case controllers 
to receive information from each case 22. 

[0014] Each refrigeration case may have a temperature 
sensor 44 associated thereWith, as shoWn for circuit B. The 
temperature sensor 44 can be electronically or Wirelessly 
connected to the controller 30 or the expansion valve for the 
refrigeration case. Each refrigeration case 22 in the circuit B 
may have a separate temperature sensor 44 to take average/ 
min/max temperatures or a single temperature sensor 44 in 
one refrigeration case 22 Within circuit B may be used to 
control each case 22 in circuit B because all of the refrig 
eration cases in a given circuit operate at substantially the 
same temperature range. These temperature inputs are pref 
erably provided to the analog input board 38, Which returns 
the information to the main refrigeration controller via the 
communication bus 34. 

[0015] Generally, bacteria that pose a threat to human 
health are referred to as “pathogen” bacteria and groW 
quickly When the temperature of their host product rises 
above a certain threshold temperature. For example, 41° F. 
is recogniZed industry-Wide as the temperature beloW Which 
most pathogens groW sloWly and beloW Which perishable 
food products should be stored. In a ?rst exemplary embodi 
ment, as outlined in FIG. 3, the food characteristic index is 
a food safety index (PS1) for a refrigeration system, such as 
the refrigeration system 10 described hereinabove. The FSI 
of the present invention corresponds to bacterial risk levels 
and provides a method for relative risk evaluation. 

[0016] Initially, at step 200, the temperature of a product 
sample from each of the product groups (P1, P2, . . . , Pj)W1ll 
be measured in each of the cases 22 (C1, C2, . . . , Ci) (see 
FIG. 2). Thus, a temperature matrix is formed accounting 
for a sample of each of the products in each of the cases: 

c1; T11 T12 . . . T1] 

cz; T21 T22 . . . T2] 

ci; Ti1 Tu - - - Tij 

[0017] After the product temperatures are measured, the 
maximum product temperature is determined for each case 
(C1, C2, . . . , Ci), at step 210, as folloWs: 
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[0018] Each food product (P1, P2, . . . , Pj) has an 
associated safety multiplier (S1, S2, . . . , 5]). The multipliers 
(S1, S2, . . . , 51-), designated at step 220, are based on the 
likelihood of product contamination by pathogen bacteria 
and its ability to support groWth scienti?cally developed and 
experimentally con?rmed micro-organism groWth equa 
tions. By using the multipliers (S1, S2, . . . Sj) bacterial 
groWth risks are factored into the PSI calculation. At step 
230, the maximum safety multiplier value for the products 
(P1, P2, . . . , Pj) Within each case (C1, C2, . . . , Ci) is 
determined as folloWs: 

[0019] Having determined both the maximum temperature 
and the maximum multiplier for the products (P1, P2, . . . , 

P1) in each case (C1, C2, . . . , Ci), and a threshold 
temperature at step 240, a safety factor SE for each case (C1, 
C2, . . . , Ci) is calculated at step 250. The calculation of the 

safety factor SE is determined by comparing the maximum 
temperature value to the threshold value C (41° F), 
described above. The folloWing logic governs the calcula 
tion: 

[0020] For n=1 to i: If (TnMAX>C) then SFn= 
(TnMAX_C)SnMAX, else SFD=O 

[0021] As a result, safety factors SE1, SP2, to SFi are 
calculated. 

[0022] Bacteria populations and disease risk are a function 
of both the frequency and severity of over-temperature 
product conditions. Biological groWth rates increase non 
linearly, as a product Warms past 41° F. For example, a 
product at 51° F. is more likely to host large colonies of toxic 
bacteria than a product at 44° F. HoWever, there may be as 
much risk from having the product in tWenty cases at 44° F. 
than in a single case at 51° F. To account for this variation, 
an average safety factor SFAVG and a maximum safety factor 
SFMAX are used. 

[0023] Having determined a safety factor for each case of 
the refrigeration system, secondary parameters B and R are 
subsequently calculated at step 260. The secondary param 
eter B is equal to the number of cases having a safety factor 
greater than Zero and R is equal to the sum of all of the safety 
factors greater than Zero. At step 270, secondary parameters 
B and R are used to calculate the average safety factor 
SFAVG, as folloWs: 

[0024] The maximum safety factor value SFMAX among 
the cases (C1, C2, . . . , Ci) is determined at step 280. The 
maximum safety factor value is given as folloWs: 

SFMAX=MAX(SF1, SFQ, . . . , SF;) 

[0025] Using the average safety factor SFAVG and the 
maximum safety factor SFMAX, an unscaled FSI is calcu 
lated at step 290 as folloWs: 
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[0026] A least squares averaging technique is used to limit 
the impact of either the SF AVG or SFMAX values that Would 
otherwise affect judgment about hoW overall risk increases 
from the combination of the values. 

[0027] Finally, at step 300, FSIUNSCALED is scaled 
betWeen 0 and 100 as folloWs: 

F SISCALED=1OOK1 -F SIUNSCALED)/F 51 MAX] 

[0028] FSIMAX is equal to the F51 for all TMAX=51° F. 
TM AX=51° F. is a preselected value and deemed the Worst 
case. This value, hoWever, may vary depending upon his 
torical data that shoWs a speci?c Worst case value for a 
particular refrigeration system. 

[0029] The FSI is a relative risk evaluation determined 
against a single temperature threshold value, 41° F. The FSI 
value provides a relative risk measurement of contamination 
and groWth of biological contaminants (i.e., pathogen bac 
teria), as opposed to contamination and groWth of biological 
contaminants only capable of causing product degradation. 
The FSI value does not re?ect the amount of product in a 
case or the number of cases in a particular store. As a result 
the F51 determination uses Worst case values to provide a 
conservative valuation of food safety risk and to minimiZe 
the possibility of an undetected food safety problem. 

[0030] Generally, bacteria that diminish the quality (color, 
smell, etc.) of a food product are referred to as “spoiler” 
bacteria and have groWth rates that vary from product to 
product. Spoiler bacteria generally groW more quickly than 
pathogen bacteria. Thus, a food product’s quality may 
appear to be of poor color or smell but still be safe for human 
consumption. With reference to FIG. 4, the food character 
istic indeX is a food quality indeX FQI. The FQI is deter 
mined using more strict criteria than the F51 in order to keep 
each product group P as close to the temperature at Which it 
Will remain in the best condition (i.e., have the best quality 
characteristics) as long as possible. This temperature varies 
from product to product and is generally beloW the threshold 
food safety value of 41° F. 

[0031] Initially, at step 400, the temperature of each of the 
product groups (P1, P2, . . . , Pj) Will be measured in each of 

the cases (C1, C2, . . . , Ci) (see FIG. 2). Thus, a temperature 
matriX is formed accounting for all of the products in all of 
the cases: 

C1 T11 T12 T11 
C2 T21 T22 2] 
Ci: Til Ti2 . . . Ti] 

[0032] After the product temperatures are measured, the 
average temperature for each product group P Within each 
case C is determined at step 410. 

[0033] Each product P is associated With a shrink multi 
plier Q. The shrink multiplier Q is based on experimental 
data and is a function of the spoil rate of its associated 
product P. For eXample, meats spoil more quickly than 
produce. This difference is accounted for in the shrink 
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multiplier Q. Furthermore, as described above, an ideal 
storage temperature TI is associated With each product P. 
The product miXes for each case C are determined at step 
420 and are generally given as folloWs: 

[0034] Using the product miX values, a Weighted average 
is determined for both the shrink multiplier Q, and the ideal 
temperature TI, at steps 430 and 440, respectively, as 
folloWs: 

Shrink Multiplier Q: 

[0035] Using the average temperature TAVG, calculated at 
step 410, the average shrink multiplier Q AVG, calculated at 
step 430 and the average ideal temperature TIAVG, calcu 
lated at step 440, a quality factor QF is determined for each 
case. The quality factor QF is determined at step 450, using 
the folloWing logic: 

[0036] For n=1 to i: If (TnAVG>TInAVG) then QFn= 
(TnAvG_TInAvG)QnAVG> else QFn=0 

[0037] As a result, quality factors QFl, QF2, to QFi are 
calculated. 

[0038] Having determined the quality factors for each case 
C of the refrigeration system, secondary parameters B and R 
are subsequently calculated at step 460. As before, second 
ary parameter B is equal to the number of cases having a 
quality factor greater than Zero and R is equal to the sum of 
all of the quality factors greater than Zero. At step 470, 
secondary parameters B and R are used to calculate the 
average quality factor QFAVG, as folloWs: 

QFAvG=R/B 

[0039] At step 480, the maXimum quality factor QFMAX is 
determined as folloWs: 

QFMAX=MAX(QF1) QF2; - - - [0040] Using the average quality factor QFAVG and the 

maXimum quality factor QFMAX, an unscaled FQI is calcu 
lated at step 490 as folloWs: 

FQIUNSCALED=SQRII(QFMAX)2+(QFAVG)2] 
[0041] A least squares averaging technique is used to limit 
the impact of either the QFAVG or QFMAX values that Would 
otherWise affect judgment about hoW overall product quality 
decreases from the combination of the values. 

[0042] Finally, at step 500, FQIUNSCALED is scaled 
betWeen 0 and 100 as folloWs: 

FQISCALED=1OO[(1_FQIUNSCALED)/FQIMAX] 
[0043] FQIMAX is equal to the FQI for all TMAX=51° E, 
which is again deemed the Worst case. The FQI enables a 
store to increase the shelf-life of its perishable food products 
resulting in increased customer satisfaction and cost savings. 
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[0044] In a ?rst preferred embodiment, the temperature 
measurements for either the FSI or FQI calculation are 
achieved using a hand-held infra-red temperature sensor 
measurement device 100 such as an IR-temperature gun (see 
FIG. 2) commonly knoWn in the art during an “audit” 
process. It is anticipated that the gun 100 Will measure the 
temperatures of a sample of each product group and deter 
mine the average, minimum and maximum temperature 
values. In this manner, only one audit process is required to 
calculate both FSI and FQI. The audit process preferably 
occurs regularly (i.e., yearly, monthly, Weekly, daily, etc.). 

[0045] In the exemplary embodiment of the present inven 
tion a remote computer system 110 is preferably program 
mable With information including, but not limited to, safety 
multipliers SF, shrink multipliers S and Q, ideal tempera 
tures TI and product mix percentages P%. The computer 
system 110 preferably includes a processing unit 112, an 
input device 114 such as a keyboard, scanner or the like, a 
memory 116 and an output device 118 such as a monitor, 
printer or the like. The temperature information is input into 
the computer system 110 using the input device 114 and the 
computer system 110 calculates the indices according to the 
methods of the present invention, storing the results of the 
calculation in the memory 116. The results of the calcula 
tions are read or printed from the output device 118. 

[0046] In an alternative embodiment, continuous food 
product temperature measurement is achieved real-time, as 
opposed to an audit process. For example, a food product 
simulator 50 (see FIG. 2) may be disposed in each refrig 
erator case 22 for each food product group (P1) Within 
the refrigerator case 22 A detailed description of the 
food product simulator 50 is provided in co-pending appli 
cation Ser. No. 09/564,173, ?led on May 3, 2000, With the 
United States Patent and Trademark Of?ce, entitled “Wire 
less Method And Apparatus For Monitoring And Controlling 
Food Temperature,” hereby incorporated by reference. The 
product group temperature samples are read by the control 
ler 30 and are continuously monitored during a “monitor” 
process. It is anticipated that at least one simulator 50 Will 
be present for each product group (P1) in a particular case 22 
(Ci). The monitor process may record temperature values at 
a predetermined rate (i.e. every 10 minutes, hour, day, etc.) 
that is operator programmable into the controller, or real 
time. The implementation of a food product simulator is 
exemplary in nature and it is anticipated that other products 
and methods can be used to achieve real-time or periodic 
sampling Within the scope of the invention. 

[0047] It is also anticipated that the controller 30 having 
received the temperature readings during the monitor pro 
cess may perform the calculations of the present method to 
determine FSI and/or FQI. To achieve this, the controller 30 
is programmable With instructions to execute algorithms 
according to the methods discussed above and information 
including, but not limited to, safety multipliers S, shrink 
multipliers S and Q, ideal temperatures TI and product mix 
percentages P%. These values are storable Within a memory 
120 of the controller 30 and may be changed by an operator. 
FSI and FQI values can be calculated for any given period 
of time as desired by an operator. 

[0048] Alternatively, it is foreseen that the controller 30 
may relay information to the computer system 110 via a link 
122 (e. g., netWork, infra-red, radio frequency, etc.), Whereby 
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the computer system 110 performs the calculations of FSI 
and FQI values. Again, the computer system 110 Would 
require the additional information of shrink multipliers S 
and Q, ideal temperatures TI and product mix percentages 
P% to be input and stored into the memory 116. 

[0049] Once the FSI and FQI calculations have been 
determined, by either the audit or monitoring processes, the 
FSI and FQI values and any other information, may be 
relayed to a central database 130 via the internet, an intranet, 
a local netWork or any other data transfer/communication 
means knoWn in the art. A centraliZed “quality and safety” 
database can store information for different store locations, 
compiling, comparing and contrasting the information 
betWeen each, and display this information through any 
output device (e.g., monitor, printer, etc.) database accessed 
remotely. In this manner, FSI and FQI data may be gathered 
and evaluated for the food product industry as a Whole, a 
particular chain of stores, particular stores Within each chain 
of stores, particular departments Within each store (e.g., deli, 
produce, dairy, meat, etc.) and even particular refrigeration 
cases 22 Within each department. The indices enable per 
formance evaluation to enhance overall food product man 
agement Within the food product industry. For example, a 
particular store’s food safety and quality management per 
formance may be compared With other stores Within the 
chain or With the industry as a Whole, to determine hoW that 
particular store is performing and Whether actions to 
improve performance are required. 

[0050] With reference to FIG. 5, an exemplary food 
characteristic management system 600 is shoWn. The food 
characteristic management system 600 includes at least ?rst 
and second food managers or retailers A,B, each comprising 
a plurality of food distribution locations A1-A4, B1-B4. A 
central manager Q is further included and is in communi 
cation With each of the ?rst and second retailers A,B and 
each of the distribution locations, A1-A4, B1-B4. In an 
exemplary embodiment, each location A1-A4, B1-B4. of the 
?rst and second retailers calculates a food characteristic 
index, such as the hereindescribed FSI and/or FQI indices. 
The ?rst and second food retailers forWard the indice 
calculations to the central management system Q. The 
central management system Q may then utiliZe the infor 
mation to analyZe the food management performance of the 
?rst and second food retailers A,B and the individual dis 
tribution locations A1-A4, B1-B4. Furthermore, the central 
management system Q may provide feedback to the ?rst and 
second food retailers A,B on performance and/or advise the 
?rst and second food retailers A,B on improving perfor 
mance. 

[0051] It is foreseen that the ?rst and second food retailers 
A,B may be a chain food retailer or alternatively the ?rst and 
second food retailers A,B may be competitors Within the 
food retail industry. Further, it is foreseen that the central 
manager Q may be commonly oWned and operated by either 
or both the ?rst and second food retailers A,B or alterna 
tively oWned and operated by an independent contracting 
company. 

[0052] The foregoing discussion discloses and describes 
merely exemplary embodiments of the present invention. 
One skilled in the art Will readily recogniZe from such 
discussion, and from the accompanying draWings and claims 
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that various changes, modi?cations and variations can be 
made therein Without departing from the spirit and scope of 
the invention. 

What is claimed is: 
1. A method for determining a food product indeX for a 

plurality of product types contained Within a plurality of 
refrigeration cases, said method comprising the steps of: 

measuring a ?rst parameter of each of the plurality of 
product types Within the plurality of refrigeration cases; 

determining a second parameter for each of the plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of the plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
the plurality of product types; 

calculating a ?rst factor for each of the plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of the 
plurality of refrigeration cases; 

determining a maximum value of said ?rst factors of the 
plurality of refrigeration cases; and 

calculating the food product indeX as a function of said 
maXimum value and said average value of said ?rst 
factors. 

2. The method of claim 1, Wherein said ?rst parameter is 
temperature. 

3. The method of claim 1, Wherein said second parameter 
is calculated as the maXimum value of said ?rst parameter 
for each of said plurality of refrigeration cases. 

4. The method of claim 1, Wherein said third parameter is 
a multiplier. 

5. The method of claim 4, Wherein said multiplier is a 
maXimum among a group of multipliers, each member of 
said group associated With one of said plurality of product 
types. 

6. The method of claim 5, Wherein said sub-multipliers are 
pre-de?ned and experimentally con?rmed for each of the 
plurality of product types. 

7. The method of claim 1, Wherein said ?rst parameter 
threshold value is common to each of the plurality of product 
types. 

8. The method of claim 7, Wherein said ?rst parameter 
threshold value is a temperature threshold value equal to 41° 
F. 

9. The method of claim 1, Wherein said ?rst factor is a 
safety factor and calculating said safety factor for each of the 
plurality of refrigeration cases includes the steps of: 

comparing said second parameter for each of the plurality 
of refrigeration cases to said ?rst parameter threshold 
value; 

Wherein said safety factor is a difference betWeen said 
second parameter and said ?rst parameter threshold 
value multiplied by said third parameter, for each of the 
plurality of refrigeration cases if said comparison yields 
a ?rst result; and 
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Wherein said safety factor is equal to Zero if said com 
parison yields a second result. 

10. The method of claim 9, Wherein said ?rst result eXists 
if said second parameter is greater than said ?rst parameter 
threshold value. 

11. The method of claim 9, Wherein said second result 
eXists if said second parameter is one of either less than or 
equal to said ?rst parameter threshold value. 

12. The method of claim 1, Wherein calculation of the 
food product indeX includes the steps of: 

calculating an unscaled food product indeX; 

calculating a maXimum food product indeX; and 

calculating said food product indeX as a function of said 
unscaled food product indeX and said maXimum food 
product indeX. 

13. The method of claim 12, Wherein said unscaled food 
product indeX is determined from a root-mean-square cal 
culation of said maXimum value of said ?rst factors and said 
average value of said ?rst factors. 

14. The method of claim 1, Wherein said second parameter 
is calculated as the average value of said ?rst parameter for 
each of said plurality of refrigeration cases. 

15. The method of claim 1, Wherein said ?rst parameter 
threshold value is an ideal temperature for storing a particu 
lar product type. 

16. The method of claim 1, Wherein said ?rst factor is a 
quality factor and calculating said quality factor for each of 
the plurality of refrigeration cases includes the steps of: 

comparing said second parameter for each of the plurality 
of refrigeration cases to an average ?rst parameter 
threshold value; 

Wherein said quality factor is a difference betWeen said 
second parameter and said average ?rst parameter 
threshold value multiplied by said third parameter, for 
each of the plurality of refrigeration cases if said 
comparison yields a ?rst result; and 

Wherein said quality factor is equal to Zero if said com 
parison yields a second result. 

17. The method of claim 16, Wherein said third parameter 
is an average multiplier and calculation of said third param 
eter includes the steps of: 

determining a multiplier for each of the product types in 
each of the plurality of refrigeration cases; 

determining a product miX percentage for each of the 
product types in each of the plurality of refrigeration 
cases; and 

calculating an average multiplier for each of the plurality 
of refrigeration cases as a function of said multiplier 
and said product miX percentage for each of the product 
types. 

18. The method of claim 16, Wherein calculating said 
average ?rst parameter threshold value includes the steps of: 

determining a product miX percentage for each of the 
product types in each of the plurality of refrigeration 
cases; and 

calculating said average ?rst parameter threshold value 
for each of the plurality of refrigeration cases as a 



US 2002/0161545 A1 

function of said ?rst parameter threshold values and 
said product miX percentage for each of the product 
types. 

19. The method of claim 16, Wherein said ?rst result eXists 
if said second parameter is greater than said ?rst parameter 
threshold value. 

20. The method of claim 16, Wherein said second result 
eXists if said second parameter is one of either less than or 
equal to said ?rst parameter threshold value. 

21. An audit method for determining a food product indeX 
for a plurality of product types contained Within a plurality 
of refrigeration cases, said audit method comprising the 
steps of: 

measuring a ?rst parameter of a sample of each of the 
plurality of product types Within the plurality of refrig 
eration cases; 

determining a second parameter for each of the plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of the plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
the plurality of product types; 

calculating a ?rst factor for each of the plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of the 
plurality of refrigeration cases; 

determining a maximum value of said ?rst factors of the 
plurality of refrigeration cases; and 

calculating the food product indeX as a function of said 
maXimum value and said average value of said ?rst 
factors. 

22. The method of claim 21, Wherein said ?rst parameter 
is temperature. 

23. The method of claim 22, Wherein said ?rst parameter 
is measured using a temperature sensor. 

24. A monitoring method for determining a food product 
indeX for a plurality of product types contained Within a 
plurality of refrigeration cases, said monitoring method 
comprising the steps of: 

monitoring a ?rst parameter of a plurality of food product 
simulators Within the plurality of refrigeration cases; 

determining a second parameter for each of the plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of the plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
the plurality of product types; 

calculating a ?rst factor for each of the plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of the 
plurality of refrigeration cases; 
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determining a maXimum value of said ?rst factors of the 
plurality of refrigeration cases; and 

calculating the food product indeX as a function of said 
maXimum value and said average value of said ?rst 
factors. 

25. The method of claim 24, Wherein said ?rst parameter 
is temperature. 

26. The method of claim 24, Wherein the step of moni 
toring said ?rst parameter includes continuously monitoring 
said ?rst parameter. 

27. The method of claim 26, Wherein said step of moni 
toring said ?rst parameter includes a product simulator to 
monitor said ?rst parameter. 

28. The method of claim 24, further comprising a step of 
communicating said ?rst parameter from said food product 
simulator to a controller of the refrigeration system. 

29. A system for refrigerating a plurality of food products 
and determining a food product indeX, the system compris 
mg: 

at least one refrigeration case; 

at least one product temperature sensor disposed Within 
said at least one refrigeration case and operable to 
measure a product temperature from said at least one 
refrigeration case; and 

a controller in communication With said at least one 
product temperature sensor and operable to continu 
ously receive temperature data for calculating a food 
characteristic indeX. 

30. The system of claim 29, Wherein calculation of said 
food product indeX includes the steps of: 

monitoring a ?rst parameter of said at least one product 
temperature sensor Within the plurality of refrigeration 
cases; 

determining a second parameter for each of the plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of the plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
the plurality of product types; 

calculating a ?rst factor for each of the plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of the 
plurality of refrigeration cases; 

determining a maXimum value of said ?rst factors of the 
plurality of refrigeration cases; and 

calculating the food product indeX as a function of said 
maXimum value and said average value of said ?rst 
factors. 

31. The method of claim 30, Wherein said ?rst parameter 
is temperature. 

32. The method of claim 29, Wherein said at least one 
product temperature sensor is a simulated product tempera 
ture sensor. 
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33. A method for evaluating food characteristic manage 
ment performance of a food manager, comprising the steps 
of: 

collecting ?rst product data from a ?rst food manager; 

determining a ?rst food characteristic indeX as a function 
of said ?rst product data for said ?rst food manager; 

collecting second product data from a second food man 
ager; 

determining a second food characteristic indeX as a func 
tion of said second product data for said second food 
manager; and 

comparing said ?rst food characteristic indeX and said 
second food characteristic indeX. 

34. The method of claim 33, advising one of said ?rst and 
second food managers to improve food characteristic man 
agement as a function of said comparing said ?rst food 
characteristic indeX and said second food characteristic 
indeX. 

35. The method of claim 33, further comprising the step 
of: 

adjusting performance of one of said ?rst and second food 
managers as a function of said comparing of said ?rst 
and second food characteristic indices. 

36. The method of claim 33, Wherein said steps of 
collecting ?rst and second food product data includes col 
lecting product data representing a plurality of product 
types. 

37. The method of claim 33, Wherein calculating said ?rst 
food characteristic indeX comprises the steps of: 

measuring a ?rst parameter of each of a plurality of 
product types Within a plurality of refrigeration cases; 

determining a second parameter for each of said plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of said plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
said plurality of product types; 

calculating a ?rst factor for each of said plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of the 
plurality of refrigeration cases; 

determining a maXimum value of said ?rst factors of said 
plurality of refrigeration cases; and 

calculating said ?rst food characteristic indeX as a func 
tion of said maXimum value and said average value of 
said ?rst factors. 

38. The method of claim 33, Wherein calculating said 
second food characteristic indeX comprises the steps of: 

measuring a ?rst parameter of each of a plurality of 
product types Within a plurality of refrigeration cases; 
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determining a second parameter for each of said plurality 
of refrigeration cases as a function of said ?rst param 

eter; 

determining a third parameter for each of said plurality of 
refrigeration cases; 

determining a ?rst parameter threshold value for each of 
said plurality of product types; 

calculating a ?rst factor for each of said plurality of 
refrigeration cases as a function of said second param 
eter, said third parameter and said ?rst parameter 
threshold value; 

calculating an average value of said ?rst factors of said 
plurality of refrigeration cases; 

determining a maXimum value of said ?rst factors of said 
plurality of refrigeration cases; and 

calculating said second food characteristic indeX as a 
function of said maXimum value and said average value 
of said ?rst factors. 

39. The method of claim 33, Wherein said ?rst and second 
food characteristic indices are food quality indices. 

40. The method of claim 33, Wherein said ?rst and second 
food characteristic indices are food safety indices. 

41. The method of claim 33, Wherein said ?rst food 
manager comprises a chain of food product retailers. 

42. The method of claim 33, Wherein said ?rst food 
manager comprises a food product retailer Within a chain of 
food product retailers. 

43. The method of claim 33, Wherein said ?rst food 
manager comprises a food product department Within a food 
product retailer. 

44. The method of claim 33, Wherein said ?rst food 
manager comprises a food product storage case Within a 
department of a food product retailer. 

45. The method of claim 33, Wherein said second food 
manager comprises a chain of food product retailers. 

46. The method of claim 33, Wherein said second food 
manager comprises a food product retailer Within a chain of 
food product retailers. 

47. The method of claim 33, Wherein said second food 
manager comprises a food product department Within a food 
product retailer. 

48. The method of claim 33, Wherein said second food 
manager comprises a food product storage case Within a 
department of a food product retailer. 

49. The method of claim 33, further comprising the step 
of: 

determining a food characteristic indeX for a food product 
industry, as a function of said ?rst and second food 
characteristic indices. 

50. The method of claim 49, further comprising the step 
of: 

comparing either of said ?rst and second food character 
istic indices of said ?rst and second food managers With 
said food characteristic indeX for said food product 
industry. 


